Abstract. The aim of present experiment was to evaluate the plasma concentrations of estrone sulfate (E1S) and progesterone (P4) during late gestation in recipient cows transferred embryos produced by nuclear transfer (NT) and in vitro fertilization (IVF). Blood samples were collected from recipients transferred embryos produced by NT (n=9) and IVF (n=13) at 160, 220, 240, 260 and 270 d of gestation and then at 5 d intervals until parturition. Plasma samples were analyzed for E1S and P4 by ELISA. One NT and three IVF cows aborted between days 220 and 260 of gestation. Two NT and one IVF cow had prolonged gestation (over 290 d). One IVF cow had an overweight fetus (50 kg) after abortion (257 d). The patterns of changes in the concentrations of E1S during late gestation in the NT and IVF cows were almost identical. The NT and IVF cows that aborted had prolonged gestation and much higher E1S concentrations than the average. One NT cow aborted after 220 d of gestation and had a sudden high increase in its E1S concentration from 160 d to 220 d of gestation. The NT and IVF cows that had prolonged gestation also had significantly higher (P<0.05) P4 concentrations than the average. These results raise the possibility that the E1S and P4 profiles can be used to monitor some late gestational problems, such as higher birth weight, abortion and prolonged gestation.
uccessful cloned animal production has been reported in various domesticated species, including cattle [1, 2] ; however, it is associated with a high rate of pregnancy failure [2] . Transfer of bovine embryos cloned by nuclear transfer (NT) results in offspring with undesirably high birth weights [3] [4] [5] , problems with viability and perinatal mortality [5] [6] [7] . Other problems reported to be associated with these techniques during late gestat i o n i n c l u d e s u c h t h i n g s a s a b o r t i o n , hydroallantois, longer gestation, higher incidence of dystocia and unbalanced development [8] . The low cloning yield could possibly arise from either an abnormal and/or poorly developed placenta [2] or a high frequency of post implantation developmental defects [9, 10] . In comparison with control cows, fewer placentomes are found in NT cows, suggesting a retardation of fetal/placental growth. NT cows not only have fewer numbers of chorionic villi, they also have poorly developed caruncles [2] . According to Wells et al. [11] , transfer of blastocysts derived from NT results in the loss of fetuses in the third trimester of pregnancy due to excessive accumulation of allantoic fluid.
Large offspring syndrome (LOS), which has been reported previously for in vitro-derived blastocysts in sheep and cattle [8, 12] , is related to the in vitro culture conditions of embryos before transfer to recipient females [13] and/or adverse effects associated with exposure of normally grown embryos to an advanced uterine environment [14] . Kruip and den Daas [8] have reported that fetal losses between pregnancy diagnosis and term are higher for IVP and NT embryos. They further elucidated that both gestation length and birth weight increase in IVP and NT relative to AI and ET calves, and there are also higher incidences of dystocia, perinatal loss and anomalies.
Estrone sulfate (E 1 S), which is secreted from the cotyledonary portion of the bovine placentome, is a major conjugated estrogen (estrone) in the maternal circulation, and it provides an index of fetal-placental-maternal well-being and placental insufficiency in cattle [15] . E1S has been suggested as an indicator of fetoplacental function and placental viability [16, 17] . Altered E 1 S patterns might be related to some pathological conditions of fetuses and newborns [15] . Insufficient production of E 1 S and delayed regression of the corpora lutea have been suggested to be associated with dystocia in dairy cows [17] .
Progesterone (P 4 ), which is secreted from the corpus luteum of the pregnant ovary throughout gestation, helps in dealing with pregnancy establishment and maintenance as well as successful parturition. A higher level of P4 towards the end of gestation is usually associated with prolonged gestation, dystocia and other peripartum problems. A few days prior to parturition, eusocial cows and heifers show a sharp decline in plasma P 4 , while there is no remarkable decline in the P 4 concentration of dystocial cattle [17] . The plasma P4 levels of dystocial cows a few days antepartum are significantly higher than in eusocial animals [17] . Erb et al. [18] indicated that lower than normal levels of plasma estradiol-17β and delayed decline of P 4 before parturition are associated with physiological dystocia. The progesterone levels of the recipients of NT or IVP embryos can lead to asynchrony between the endometrium and embryo, an increase in birth-weight [12, 19] and abnormal growth of organs and the skeleton [13, 20, 21] .
Based on the above-mentioned reports, it seems that E 1 S and P 4 can be used to monitor for late gestational problems, such as high birth weight, placental abnormality, longer gestation, dystocia and abortion. In this report, we have evaluated the plasma concentrations of E1S and P4 during late gestation in recipient cows pregnant by the transfer of NT and IVP embryos and how the concentrations were associated with late gestational problems.
Materials and Methods

Oocyte collection
Immature oocytes of follicles 2 mm or greater in diameter were collected from naturally cycling Japanese black beef cows (donor) using an ultrasoundguided transvaginal follicular puncture technique (OPU). Sedation of the cow and relaxation of the rectal wall was achieved using an intravenous injection (15 ml) of Prifinium Bromide (Padorin; Taiyo Yakuhin, Nagoya, Japan). Each cow was given 4 ml of epidural anaesthetic (Adosan; Riken, Tokyo, Japan) to prevent abdominal straining. An OPU device that contained an ultrasound probe and a puncture needle system was then inserted into the vagina. About 50 ml of collection medium [Ringer's solution + 0.3% FCS (SAFC Biosciences, Lenexa, KS, USA) + 9 units of heparin sodium salt (Wako, Osaka, Japan)] was used to collect oocytes. The collection pressure was minus 115 mmHg, and the speed of collection was 0.10 ml/min. The detailed procedure has been described elsewhere [22] . After collection, the medium containing the follicular cells (cumulus-oocyte complexes, COCs) was filtered with a cell collector (CCA-200; Nipro Medical Industries, Tokyo, Japan) to separate the medium and COCs. The COCs containing debris were washed two times with M2 medium (SigmaAldrich, St. Louis, MO, USA) [23] and then subjected to in vitro maturation.
In vitro maturation (IVM), fertilization (IVF) and culture (IVC)
These procedures were basically performed according to the method described by Horiuchi et al. [24] . The oocytes were incubated in TCM 199 (Sigma) supplemented with 10% FCS, 50 ng/ml epidermal growth factor (EGF; Sigma) and 0.12 mg/ml FSH (Antrin; Kawasaki-Mitaka Pharmaceut i c a l , K a n a g a w a , J a p a n ) i n a h u m i d i f i e d atmosphere of 5 % CO 2 /95% air at 38.5 C for 22-24 h. Oocytes with a first polar body were considered to be mature.
Frozen semen from proven Japanese black beef bulls was used for IVF. The semen was thawed by immersion in a hot water bath (37 C) for 20 s, and then it was washed twice with bovine serum albumin (BSA)-free modified SP-TALP medium (SP-TALP) [25] supplemented with 10 mM pentoxifylline (Sigma) by centrifugation (500 × g) for 5 min.
The pelleted spermatozoa were resuspended in pentoxifylline-containing SP-TALP supplemented with 20 mg/ml BSA (Sigma) [24] , and the final concentration was adjusted 12 million spermatozoa/ drop. The matured oocytes and sperm were incubated in a humidified atmosphere of 5 % CO2 / 95% air at 38.5 C for 6 h [24] . The fertilized oocytes were then washed with M2 medium supplemented with 0.1% hyaluronidase (Sigma) to separate the oocytes from the cumulus cells. The cumulus cells were removed by pippetting to obtain denuded oocytes. The denuded oocytes were cultured in IVC medium that was comprised of mSOF [26] plus 3 mg/ml BSA in a humidified atmosphere of 5% CO 2 / 5% O2 / 90% N2 at 38.5 C for 72 h [24] . Cleavage was checked, and the well-developed embryos containing 8 cells were selected and moved to another IVC medium, which consisted of mSOF, 10% FCS and 100 µg insulin (Sigma). They were then co-cultured with Vero cells [27] in a humidified atmosphere of 5% CO2 / 95% air at 38.5 C for 4 days to obtain blastocysts. The morulae (5-d stage) of the embryos were used as nuclear transfer donors for production of 1 st generation clone embryos, and the blastocysts (7-d stage) after vitrification and thawing were used for transfer to the recipients (IVF embryos).
Cloning
The cloning procedures were basically performed according to the method described by Ogata et al. [28] . After observing the first polar body, the matured oocytes obtained by OPU were enucleated using a micromanipulator. About onethird of the cytoplasm adjacent to the first polar body and the first polar body itself were pressed out through a slit in the zona pellucida, a process known as cloning enucleation. The enucleated oocytes were activated in two steps by immersing the oocytes first in (1) TCM 199 solution supplemented with 10 µM calcium ionophore (Sigma) and 25 µM inosinic acid trisodium salt (Dojindo, Kumamoto, Japan) for 5 min and then in (2) CR1aa medium [29] supplemented with 3 mg/ml BSA and 100 µg/ml antibiotic puromycin (Sigma) for 6 h.
Embryos were used as donors for embryo cloning after 5 d of IVF (32 blastomeres). Blastomeres were separated by treating the donor embryo with 0.25% actinase E (Kaken Seiyaku, Tokyo, Japan) diluted in M2 medium and then with 0.125% trypsin (Gibco, Grand Island, NY, USA) containing 0.02% ethylene diamine tetraacetic acid (EDTA) (Sigma). A single blastomere of the donor embryo was introduced into the perivitelline space of the enucleated oocyte through a slit in the zona, and the two cells were fused by electrofusion. A fusion chamber consisting of two electrodes 1 mm apart and overlaid with Zimmerman's fusion medium [30] was used to fuse the donor blastomere and oocyte cytoplasm. An 8.5-V/mm 5-µs AC pulse and 75-V/mm 50-µs DC pulse were delivered twice to the fusion chamber with a BTX Electrocell Manipulator 200 (Biotechnologies and Experimental Research, San Diego, CA, USA) [28] . Fusion rates were determined between 30 and 60 min after the fusion pulse was applied. The nuclear transferred embryos were then cultured under the same conditions as described above. These were the 1 st generation clone embryos.
Second and 3 rd generation clone embryos (re-clone and tri-clone)
First generation clone embryos were used as donors for production of the 2 nd generation clone embryos (re-clone) at the 5-d stage of in vitro development [31] using a similar procedure as that followed for production of the 1 st generation clone embryos. Similarly, the 2 nd generation clone embryos were used as donors for production of 3 rd generation embryos (tri-clone) at the 5-d stage of in vitro development [31] . The blastocysts of these reclones and tri-clones were used for transfer to recipients after vitrification-thawing.
Vitrification and thawing of IVF and nuclear transfer embryos
These procedures were basically performed according to the method described by Chian et al. [32] . The embryos (7-d blastocysts) and donor embryos (5-d stage embryos) were first immersed for 5 min in pretreatment medium that consisted of TCM 199, 10% ethylene glycol (Wako) and 20% FCS. The embryos were then taken out and immersed for 30 s in the final vitrification medium, which consisted of M2 medium, 1.0 M sucrose (Wako), 30% ethylene glycol and 20% FCS. They were then vitrified by the microdroplet method [33] by putting 5 µl of final vitrification medium with embryos on the surface of liquid nitrogen.
The vitrified embryos were thawed by first immersing them for 2 min at room temperature in initial thawing medium that consisted of M2 medium, 0.3 M sucrose and 20% FCS [33] . The embryos were then transferred to another medium that consisted of TCM 199 and 20% FCS and were left there for 2 min at 37 C.
Embryo transfer to recipients
The recipient (surrogate) animals were HolsteinFriesian cattle at and from farms surrounding of the Hiroshima Prefecture Livestock Technology Research Center. After confirming the animals were in the luteal phase, fresh and vitrified NT embryos (blastocysts) were transferred non-surgically into the uteri of the naturally cycling HolsteinFriesian cattle. The blastocysts were transported in M2 medium containing 10% FCS. After transfer, each recipient cow was checked for return to estrus. Pregnancy was determined by ultrasonography through the heart beat of the fetus 23 d after embryo transfer (30 d after in vitro fertilization). Confirmed pregnancies were maintained until calving.
Definition of prolonged gestation and induction of parturition
In this study, prolonged gestation was defined over 290 d of gestation. Parturition was induced for cows that did not calve by 290 d of gestation using a PGF 2α formulation (Pesipron-S; ASKA Pharmaceutical, Tokyo, Japan) in order to obtain safely cloned and IVF calves.
Blood sample collection
Blood samples were collected from the jugular vein into vacuum tubes (Venoject II, VP-H100K, Terumo, Tokyo, Japan) for 9 recipients transferred cloned (re-cloned/tri-cloned) embryos and 13 recipients transferred IVF embryos at 160, 220, 240, 260 and 270 d of gestation and at 5-d intervals until parturition. The blood was immediately centrifuged (1,700 × g for 15 min), and the plasma thus obtained was stored in cryovials at -30 C until hormone analysis. Plasma samples were analyzed for E1S and P4 using an enzyme-linked immunosorbent assay (ELISA).
Plasma E 1 S assay
The E 1 S concentrations of blood plasma samples were determined using ELISA by the direct method (without extraction). The procedure has been described in detail elsewhere [34] . The intra-assay coefficients of variation (CVs) of the assays (n=5) for low (13.5 ng/ml) and high (24.9 ng/ml) E 1 S plasma samples were 7.8 and 9.6%, respectively. The interassay CVs of the assays (n=6) for the same low and high E 1 S plasma samples were 14.4 and 7.2%, respectively. The sensitivity of the assay (the least detectable concentration of E1S), calculated from the mean value at 0 ng/ml of E 1 S minus twice the standard deviation, was 40 pg/ml. The recovery rate of the assay ranged from 80 to 100%.
Plasma P 4 assay
The P4 concentrations of blood plasma were determined using a double-antibody ELISA after extraction with petroleum ether, according to the following procedure [35] . The glass tubes used for extraction were washed with diethyl ether and methanol solution (1:1) and then dried in a hot air oven. P4 was extracted from plasma samples (100 µl each) with 3 ml petroleum ether (Kanto Chemical, Tokyo, Japan). Each plasma sample was extracted in duplicate. The mixture was shaken vigorously in a shaker (Recipro Shaker SR-200; Taitec, Tokyo, Japan) for about 25 min, and the ether layer was transferred to other glass tubes after freezing the plasma layer by immersing the tubes in 40% alcohol at -30 C for a few minutes. The ether was evaporated by heating the tubes in a hot water bath (60 C). After complete drying, 300 µl of assay buffer was added to each tube and vortexed for about 5 min. Fifty µl of each standard solution (0.0, 0.003, 0.01, 0.03, 0.1, 0.3, 1.0 and 3.0 ng/ml with assay buffer) of P 4 (Sigma) and 50 µl of the extracted plasma samples were then added in duplicate to the wells of a second antibody-coated plate (Kambegawa Institute, Tokyo, Japan). Subsequently, each diluted horseradish peroxidase-labeled P4 (Sigma; 50,000 times the final dilution with assay buffer) and antibody against progesterone-3(E)-carboxymethyloxime conjugated to BSA (100,000 times final dilution with assay buffer) were added to all the wells at a rate of 50 µl/well. The plate was sealed and shaken well to mix the contents and was then incubated for at least 2 h at room temperature. After incubation, the plasma P4 concentration was determined using a similar procedure to that for the E1S AND P4 IN RECIPIENT COWS TRANSFERRED CLONED EMBRYOS plasma E 1 S assay. The intra-assay CV of plasma with a P 4 concentration of 7.8 ng/ml was 6.8% (n=6) and that of plasma with a P4 concentration of 0.6 ng/ml was 13.1% (n=6). The interassay CVs were 8.5% (n=6) and 14.2% (n=6), respectively. The sensitivity, calculated from the mean value at 0 ng/ml of P 4 minus twice the standard deviation, was estimated as 4.6 pg/ml.
Statistical analyses
Variations in the data (mean values) were generally expressed as the mean ± standard error (mean ± SE). The mean concentrations of E 1 S and P 4 at different stages of gestation and among the different groups were compared by analyzing the data using mixed model analysis and restricted maximum likelihood of the JMP software package (Version 4.05 for Windows, SAS Institute, Cary, NC, USA). Calf birth weight and gestation length were compared between the groups using the Student's ttest.
Results
Abortion, gestation length and calf birth weight
One (No. N4) of the 9 embryonic nuclear transferred embryo recipients (NT cows) and three (Nos. The calf birth weights and gestation lengths of the cows in the NT and IVF groups are presented in Fig. 1 (A) and (B) , respectively. There were no significant differences (P>0.05) in calf birth weight and gestation length between the cows of the NT (35.1 ± 2.5 kg and 285.4 ± 1.7 d) and IVF (35.2 ± 2.4 kg and 286.5 ± 1.1 d) groups.
Plasma E 1 S concentrations in NT and IVF cows
The mean (± SE) plasma E1S concentrations of the NT and IVF cows at different stages of gestation from 160 d until parturition are shown in Fig. 2 (A) and (B), respectively. The plasma E1S concentrations of the cows in both the NT and IVF groups increased gradually from 160 d (21.4 ± 11.0 vs. 13.2 ± 5.0 ng/ml) of gestation and peaked (45.5 ± 5.2 vs.
41.0 ± 8.1 ng/ml) on the day before parturition. There were no significant differences (P>0.05) in E1S concentrations between the cows of the NT and IVF groups at any stage of gestation from 160 d until parturition. Fig. 2 (A) and (B) also show E1S concentrations of the NT and IVF cows that aborted, had prolonged gestation and had much higher E 1 S concentrations than the average. One NT cow (No. N2) had much higher plasma E 1 S concentrations (range 88.2 to 116.1 ng/ml) than the average concentrations of the 9 NT cows (range 21.4 ± 11.0 to 45.5 ± 5.2 ng/ml) throughout gestation after 160 d (Fig. 2 A) ; however, she had a normal birth weight calf (28.5 kg) and a normal gestation period (286 d; Fig. 1 A) . Another NT cow (No. N4), the only NT cow to abort after 220 d of gestation, had a sudden high increase in the E 1 S concentration from 160 d (21.5 ng/ml) to 220 d (63.2 ng/ml) of gestation (Fig. 2 A) . Similarly, one IVF cow (No. F2) had much higher plasma E 1 S concentrations (range 53.6 to 106.1 ng/ ml) compared with the average concentrations of the 13 IVF cows (range 13.2 ± 5.0 to 41.0 ± 8.1 ng/ ml) from 160 d until parturition ( Fig. 2 B) ; however, she had a normal birth weight calf (39.4 kg) and a normal gestation length (287 d; Fig. 1 B) . The IVF cows that aborted after 220 d (Nos. F1 and F3) and 240 d (No. F5) of gestation seemed to have E1S concentration patterns that were similar to the patterns of the average concentration before abortion ( Fig. 2  B) ; however, similar to cow No. F2, cow No. F3 had a higher plasma E 1 S concentration (> 48 ng/ml) at 160 d of gestation (Fig. 2 B) .
Plasma P 4 concentrations of the NT and IVF cows
The mean plasma P 4 concentrations of the NT and IVF cows at different stages of gestation from 160 d until parturition are shown in Fig. 3 (A) and (B), respectively. The plasma P 4 concentrations of both the NT and IVF groups were low at 160 d and then increased and remained at higher levels until 260 d of gestation (6.8 ± 0.7 vs. 5.5 ± 0.4 ng/ml); thereafter, the concentrations declined gradually and reached low levels on the day before calving (1.5 ± 0.6 vs 1.7 ± 0.4 ng/ml). There were no significant differences (P>0.05) in P 4 concentrations between the cows of the NT and IVF groups at any stage of gestation from 160 d until parturition. Fig. 3 (A) and (B) also show the P 4 concentrations of the NT and IVF cows that aborted, had prolonged gestation and had much higher E 1 S concentrations than the average. The cows that aborted in both the NT (No. N4) and IVF (Nos. F1, F3 and F5) groups had P 4 profiles with patterns that were similar to those of the mean P4 concentrations before abortion (Fig. 3 A and B) . Similarly, the cows that had prolonged gestation lengths (>290 d) in both the NT (Nos. N1 and N3) and IVF (No. F4) groups had P 4 profiles before induction of parturition that were similar to those of the mean P 4 concentrations ( Fig. 3 A and B) . Similarly, the cows in both the NT (No. N2) and IVF (No. F2) groups that had much higher plasma E 1 S concentrations than the average (Fig 2. A and B ) had P4 profiles that were similar to the average P 4 profiles (Fig. 3 A  and B ).
Discussion
The aim of present experiment was to evaluate the plasma concentrations of E 1 S and P 4 during late gestation in recipient cows pregnant by transfer of NT and IVF embryos and to evaluate how the concentrations were associated with late gestational problems.
The mean plasma E 1 S concentrations of AI cows are 3.0 ± 0.5 ng/ml at around 160 d of gestation and 28.42 ± 3.6 ng/ml on the day before calving [34] . The patterns of changes in the concentrations of E 1 S in the NT and IVF cows of the present study were similar to previous studies in Holstein-Friesian cows inseminated artificially with Japanese black beef bull semen (AI cows); however, the E 1 S concentrations of both the NT and IVF cows were higher than those of AI cows [34] . The average calf birth weight and gestation length of AI cows are 33.6 ± 0.8 kg and 281.8 ± 0.8 days, respectively [36] . The calf birth weight and gestation length in the present study tended to be higher in the NT and IVF cows compared with those of AI cows. Since the E 1 S concentration and calf birth weight have been reported to be positively and highly correlated with placental weight [15, 17, 36] , the higher E 1 S concentrations, calf birth weights and gestation lengths of the NT and IVF cows in the present study might indicate a higher placental weight. It appears that the NT and IVF cows might have had large placentome syndrome (LPS).
The mean plasma P 4 concentrations of AI cows are 7.5 ± 0.6 ng/ml at around 160 d of gestation and 1.4 ± 0.3 ng/ml on the day before calving (unpublished data). The patterns of the changes in the concentrations of P 4 in the NT and IVF cows in the present study were similar to previous studies in Holstein-Friesian cows inseminated artificially with Holstein bull semen (AI cows) [17] . There were no differences in the P 4 concentrations of the NT and IVF cows compared with those of AI cows. The NT and IVF cows that aborted and had much higher E 1 S concentrations than the average had P 4 profiles with patters that were similar to those of the mean P 4 concentrations. The cows having prolonged gestation in both the NT (No. N1) and IVF (No. F4) groups had significantly higher (P<0.05) P4 concentrations than the average; however, one NT cow (No. N3) that had prolonged gestation had P 4 concentrations that were lower than the average throughout gestation, but there was no decrease in the P 4 concentration of this cow towards calving compared with the concentration of the preceding measurement. No other gestational problems, such as dystocia, stillbirth, were observed.
There were no significant differences in E1S concentration, calf birth weight and gestation length between the cows of the NT and IVF groups. This indicates that the feto-placental development of the cows in the NT group was similar to that of the cows in the IVF group. However, one NT cow (No. N4) aborted after 220 d of gestation and had a sudden high increase in its plasma E 1 S concentration from 160 d to 220 d, indicating impaired placental development. On the other hand, some of the IVF cows (Nos. F1 and F3) aborted after 220 d of gestation and seemed to have normal plasma E 1 S concentration profiles before abortion, indicating that abortion may not have been due to placental problems but may have been due to some other causes/factors. Similarly, some cows (No. N2 of the NT cows and No. F2 of the IVF cows) had much higher plasma E 1 S concentrations than the average, but the calf birth weights and gestation lengths of these cows were within the normal ranges. Similarly, another IVF cow (No. F5) had an overweight fetus (50 kg) after abortion (257 d) and had a normal E 1 S profile before abortion. The actual reason for this discrepancy is unknown, but it may be due to some physiological perturbations or faulty expression of some responsible gene, which might cause increased fetal weight or excessive production of hormones. To protect the fetus or placenta from the deleterious effects of the high production of hormones, there might be corresponding expression of some factors or genes that might control the harmful activities of the hormones or other agents. For example, the production of E 1 and E 1 S is controlled by the enzymes estrogen sulfotransferase (OST) and steroid sulfatase (STS); if a high amount of E 1 is produced, expression of a high amount of OST occurs, which converts the higher amount of E 1 to E 1 S [37] . E 1 has moderate biological activity, whereas E 1 S is biologically non-active. The harmful activity of overproduction of E1 is controlled by the enzyme OST by converting E 1 to E 1 S. Problems, such as abortion, high hormonal concentrations and increased fetal weight, were present in the cows of both the NT and IVF groups and the causes or factors responsible for them may have been some of the in vitro culture conditions, in vitro handling or the in vitro environment as a whole. It has been reported that exposure to the in vitro culture environment results in altered expression of a number of imprinted genes including H19, Igf2 and Igf2r [38] [39] [40] [41] . Similarly, alteration of the expression of known imprinted genes in conceptuses and fetuses resulting from transfer of in vitro-produced (IVP) embryos has also been demonstrated [40, 42, 43] . It has also been reported that some physiological mechanisms are perturbed as a result of in vitro manipulations apart from changes in imprinting status [44, 45] . Studies on fetuses resulting from the transfer of IVP embryos have demonstrated disproportionate organ development in some cases [13, 46] but not in others [47, 48] . In addition, alterations in the histological development of fetal muscle [49, 50] and placental tissue [51, 52] have been reported for pregnancies from embryos produced in vitro. Comparisons between in vivo and in vitro cultured sheep embryos have shown a reduced pregnancy rate for in vitro cultured embryos transferred to recipient females [53] .
In conclusion, the present results raise the possibility that the E1S and P4 profiles can be used to monitor some late gestational problems, such as higher birth weight, abortion and prolonged gestation.
